(R702W, G908R, and 1007fsInsC) have been identified in a significant percentage of patients with CD (17) . At a cellular level, CD is characterized by an exaggerated inflammatory response with massive infiltration of polymorphonuclear leucocytes (PMNL) and secretion of proinflammatory cytokines that cause mucosal damage, ulceration, and loss of intestinal function (28, 34) . However, the consequences of the interaction between PMNL and intestinal epithelial cells (IEC) are still not fully understood (13, 19) . Current therapies are aimed at reducing inflammation with neutralizing anti-tumor necrosis factor-␣ (TNF-␣), a key proinflammatory cytokine (30) . Despite many clinical benefits, such a strategy is expensive and associated with adverse events, and ϳ25-40% patients are refractory.
The TNF-␣-converting enzyme ADAM17 (TACE/CD156q) has emerged as an alternative candidate in targeting TNF-␣ and thus in treatment of chronic inflammation in CD (8) . Indeed, ADAM17 is a transmembrane metalloprotease that cleaves the TNF-␣ precursor to generate the soluble active form of TNF-␣, a phenomenon termed "shedding" (3) . Its inhibitor TIMP3 (tissue inhibitor of metalloproteinase-3) is a secreted protein that negatively controls the ADAM17 activity (1) . As a result, a delicate balance between ADAM17 and TIMP3 expression may be important in timely regulation of the inflammatory response, tissue degradation, and remodeling.
Although critical, very little is known about the regulation of ADAM17/TIMP3 expression during acute inflammation and even less about their relationship to the CD activity, a prerequisite for a therapeutic strategy. It has been shown that ADAM17 is expressed in the human colonic mucosa and increased in human inflammatory bowel diseases (IBD) (6) . Similarly, TIMP3 is upregulated in the inflamed mucosa of patients with IBD, in correlation with TNF-␣ production (22) . Interestingly, TNF-␣ is able to upregulate ADAM17 expression in endothelial cells, whereas regulation in epithelial cells remains elusive to date (7) . Of particular importance, we have recently shown, using an in vitro model, that transmigration of PMNL across epithelia, the primary hallmark of an acute CD phase, induces the secretion of TNF-␣ by an intestinal epithelial cell line (2) . PMNL accumulation within the epithelial crypts and the intestinal lumen directly correlates with the clinical disease activity, epithelial injury, patient morbidity, and susceptibility to colorectal cancer (11) . Yet the molecular and cellular consequences of the interaction of PMNL with IEC are incompletely understood and a better understanding of this process will probably open up new therapeutic avenues for CD (18) .
The aim of this work was to gain new insights into the regulation of the expression of ADAM17 and TIMP3 in IEC during PMNL-IEC interaction. We show for the first time that the ADAM17 protein is rapidly and transiently upregulated during PMNL transepithelial migration. At a molecular level, we demonstrate that the local production of TNF-␣ by IEC is required in upregulating ADAM17. Interestingly, we also show in biopsy specimens that, independent of the patients' genetic background (NOD2/CARD15 status), a high level of expression of ADAM17, but not of TIMP3, correlates with strong infiltration by PMNL and the activity of the disease.
MATERIALS AND METHODS
Epithelial cell culture. T84 cells (American Type Culture Collection, passages 65-90), a human colonic carcinoma cell line, were grown and maintained as a confluent monolayer as previously described (15, 18, 19) . For experiments, monolayers were grown and maintained confluent on collagen-coated 5-cm 2 polycarbonate filters as previously described (18) .
PMNL transmigration. Human PMNL were isolated from whole blood by using a gelatin-sedimentation technique. The number of PMNL that transmigrated into the lower reservoirs was assayed by quantification of the azurophil granule marker myeloperoxidase (MPO), as described previously (15) . Where indicated, similar experiments were performed in the presence of an anti-TNF-␣ antibody (0.5 g/ml; Pharmingen, BD Biosciences, San Diego, CA) added to the upper and lower reservoirs.
Western blotting of ADAM17 and TIMP3. ADAM17 and TIMP3 expression was analyzed by Western blotting before and after PMNL migration by using inverted T84 monolayers grown on 5-cm 2 filters exposed for various times to PMNL for transmigration experiments, as described previously (18) . Where indicated, the T84 inverted monolayers were alternatively incubated with H 2O2 (0.001%; Sigma), Hanks' Balanced salt solution (HBSS) calcium free [HBSS(Ϫ)], or TNF-␣ (100 ng/ml; Roche, Neuilly, France) for up to 4 h. At indicated times, T84 monolayers were extensively washed and solubilized in RIPA lysis buffer at 4°C at a 25 ϫ 10 6 cells/ml density. Proteins (100 g) were separated by SDS-PAGE on 6 -12% gels, electroblotted onto a polyvinylidene fluoride membrane (Immobilon-P; Millipore), and analyzed with either an anti-TACE antibody (Chemicon; 1:1,000), or an anti-TIMP3 antibody (Santa Cruz Biotechnology; 1:400). Equal loadings of proteins were verified by reprobing the blot with a polyclonal antibody against total ERK (Santa Cruz Biotechnology; 1:1,000), a protein expressed at the same level as ADAM17.
Analysis of ADAM17 and TIMP3 mRNA expression by quantitative RT-PCR. Total RNA from untreated and treated cells or digestive biopsy specimens were extracted using Trizol LS Reagent (Life Technologies) then treated with Deoxyribonuclease I (amplification grade kit; Invitrogen) to remove contaminating DNA; 2 g of RNA was used for complementary single-stranded DNA (cDNA) synthesis using the Super Script First-Strand Synthesis System for RT-PCR (Invitrogen).
Quantitative real-time PCR amplification of cDNA was carried out with an ABI PRISM 7500 with sequence detection by the 2 Ϫ⌬⌬CT method (Applied Biosystems, Foster City, CA). Each experiment was done in triplicate. TaqMan Universal PCR Master Mix, No AmpErase UNG, and specific primers for TaqMan (ADAM17: Hs00234778_ml, TIMP3: Hs00165949_m1, and RPLP0: Hs99999902_m1) were from Applied Biosystems. To check for potential contamination of T84 monolayers with some residual PMNL, T84 monolayers after 1, 2, and 4 h incubation to allow for transepithelial migration were thoroughly washed with HBSS, and quantitative PCR analysis of T84 cDNA extracts was performed by using targets against CD11b (Hs00167304_m1) (Applied Biosystems, Foster City, CA), a PMNL marker.
Cellular localization of ADAM17 and TIMP3 by confocal fluorescence microscopy. ADAM17 and TIMP3 detection in situ was performed in T84 monolayers fixed in 3.7% paraformaldehyde (10 min, 4°C), permeabilized with 0.2% Triton X-100, and then incubated (45 min, 4°C) in saturation buffer (HBSS containing 5% normal goat serum). Fixed monolayers were then incubated for 1 h (20°C) with anti-ADAM17 (Chemicon) and anti-TIMP3 (Chemicon) antibodies diluted (1/100) in 5% normal goat serum-HBSS, and after washings monolayers were incubated for 1 h (20°C) with a FITC-conjugated secondary antibody. Stained monolayers were then mounted and visualized with a Zeiss L510 META confocal fluorescence microscope. As a control, an irrelevant antibody failed to stain cells.
Patients and biopsy specimens. All patients included in this study were hospitalized in the Department of Gastroenterology (Archet II Hospital, Nice, France). All patients provided a signed agreement for this study, and the protocol was approved by the local ethics committee of the University of Nice. The diagnosis was based on LennardJones criteria (20) . Age, age at onset, presence of extraintestinal manifestations (EIM), perianal involvement, frequency of flare-ups (frequent flare-up: Ͼ1/year), therapeutic effectiveness [e.g., need for steroid and/or immunosuppressive therapy, steroid resistance as defined by the ECCO (European Crohn's and Colitis Organisation) Consensus Report (27) ], need for surgery (resection), the presence of familial IBD, and smoking habits were investigated by physicians by reviewing the medical records (A. Abakar-Mahamat, J. Filippi, X. Hébuterne). The physicians completed a questionnaire. The disease phenotype (age at onset, duration, location, and behavior) was determined according to the Vienna classification (12) . The CD endoscopic index of severity (CDEIS) was evaluated for each patient according to Mary and Modigliani (23) . Only patients with a confirmed diagnosis for more than 1 year were enrolled.
Intestinal biopsies were obtained from macroscopically inflamed mucosa of the terminal ileum and of the colon in 65 CD patients (group 1) (CDEIS score 7.00 Ϯ 3.00) and from macroscopically noninflamed mucosa of the terminal ileum and of the colon in 55 CD patients (group 2) (CDEIS score 0.56 Ϯ 1.5). There were 67 men and 53 women, with a mean age of 40 yr (range 19 -60) and a mean disease duration of 10 yr (range 2-23). EIM, e.g., arthritis or ocular manifestations, were noted in 36/120 (30%) and 12/120 (10%) patients, respectively. Perineal disease was noted in 25/120 (21%) patients. Frequent relapse was observed in 60/120 (50%) patients. Steroid use, steroid refractory, and azathioprine use were observed in 105/120 (87%), 38/120 (32%), and 62/120 (51%) patients, respectively. Remission, partial effect, or no effect of infliximab was noted in 22/120 (18%), 17/120 (14%) and 12/120 (10%) patients, respectively. Surgery was noted in 35/120 (29%). Familial CD was observed in 9/120 (7%) patients. Smoking habits (present and previous) were noted in 49/120 (41%) patients.
Patients were all French Caucasian residents. In addition, biopsies were taken from the ileum and rectum of 40 control patients consisting of individuals who had no significant pathological findings following endoscopic examination for changes in stool habits, abdominal pain, or upper gastrointestinal bleeding or cancer surveillance.
Histopathology and tissue microarray construction. The biopsy sections were encoded and analyzed by independent observers (S. Lassalle, P. M. Hofman) who were blinded to diagnosis and clinical data. The scoring system described by D'Haens et al. (9) for histological disease activity and histological abnormalities in CD mucosal biopsy specimens was used. We have arbitrarily separated the specimens into three groups: group I (low activity: histological scores between 1 to 5), group II (moderate to high activity: histological scores between 6 to 10), group III (very high activity: histological scores between 11 to 16).
For tissue microarray (TMA) construction, core biopsies were taken by using a Tissue Microarrayer (Beecher Instruments, Alphelys, Paris, France) as described previously (16) . Briefly, tissue cores with a dimension of 0.6 mm from each specimen were punched and arrayed in triplicate on a recipient paraffin block. Each core was spaced 0.2 mm apart. Before immunostaining, a 4-m section stained with hematoxylin and eosin was reviewed to confirm the presence of morphologically representative areas of the original lesions.
Immunohistochemistry. Immunohistochemical methods were performed on serial 4-m deparaffinized TMA sections processed as described (14) . The following antibodies were applied for 45 min: monoclonal mouse anti-ADAM17 (Chemicon; 1:500), anti-TIMP3 (Chemicon; 1:400), and anti-MPO (Chemicon; 1:400). After being rinsed with PBS, sections were incubated with peroxidase-labeled anti-mouse Igs (DAKO Envision System, DAKO, Carpinteria, CA) for 45 min. For measurement of histological disease activity, the scoring system for histological abnormalities in CD mucosal biopsy specimens was used (26) . After immunostaining, slides were analyzed with an image-analysis workstation (Spot Browser version 7; Alphelys, Paris, France), as described previously (14) .
NOD2/CARD15 genotyping. Genomic DNA was obtained from intestinal biopsies by use of an XYZ extraction kit (ABCD efficient furnisher). Patient and control subjects were genotyped for the Arg702Trp (SNP8), Gly908Arg (SNP12), and Leu1007fsinsC (SNP13) variants in the NOD2/CARD15 gene as described by Lesage et al. (21) . The PCR primers used in this study have been described previously (21) .
ADAM17 enzyme activity. Untreated and treated T84 monolayers and digestive biopsies were solubilized in a buffer containing 10 mM Tris pH 7.4, 1 mM MgCl 2, 0.2 mM CaCl2, and the protease inhibitor cocktail described above. The recombinant ADAM17 protein was used as a positive control. ADAM17 activity was measured by using the Innozyme ADAM17 activity kit (Calbiochem) as described by the manufacturer.
Data analysis. Assays were compared via the Student's t-test. Values are expressed as means Ϯ SE of n number of experiments. The association of ADAM17 and TIMP3 expression with categorical clinicopathological features was made by 2 analysis. Calculations and analyses were performed with SPSS 11.5 for Windows (SPSS, Chicago, IL) and, where appropriate, were two tailed. P values Ͻ 0.05 were considered statistically significant.
RESULTS

Transepithelial migration of PMNL induces rapid and transient upregulation of ADAM17 in human colonic epithelial T84
cells. In response to f-MLP (10 Ϫ7 M), the number of transmigrated PMNL present in the lower reservoirs increased from 0 to 24 h (2 Ϯ 0.5, 12.5 Ϯ 2, 19 Ϯ 2.2, 29.5 Ϯ 2.4, 38.9 Ϯ 2.5, and 42.4 Ϯ 1.9 ϫ 10 4 PMNL cell equivalents per monolayer for controls and 0.5, 1, 2, 4 and 24 h of transmigration, respectively) (Fig. 1A) . As shown in Fig. 1B , Western blot analysis demonstrated that PMNL transmigration induced a striking increase in ADAM17 expression in T84 cells during the first 2 h (ϳ4-fold increase) that lasted, at this high steadystate level of expression, for 2 h before returning to the basal level at 24 h (Fig. 1B) . Quantitative RT-PCR (qRT-PCR) analysis revealed that, during the same period, PMNL transmigration did not increase ADAM17 mRNA expression in T84 cells, suggesting no early transcriptional activation of the ADAM17 gene by PMNL transmigration (Fig. 1C) . Nevertheless, an approximately twofold increase in ADAM17 mRNA in T84 cells was observed after 24 h of PMNL migration (Fig.  1C) , indicating late gene regulation by PMNL transmigration. Consistent with the above kinetic profile, confocal microscopy confirmed fully these results since a strong signal for ADAM17 was detected both on the apical side and in the cytosol of T84 monolayers after 0.5 and 1 h of PMNL transmigration (Fig.  1D ) and accumulated at a high level at 2 h. Expression was maintained at 4 h but decreased after 24 h (Fig. 1D) . We verified that no significant increase in the CD11b mRNA level, a PMNL marker, was observed after PMNL transepithelial migration in washed T84 monolayers (data not shown). Together these findings revealed that PMNL transmigration increased transiently, and strongly, ADAM17 protein levels in T84 cells mainly through a transcription-independent mechanism.
PMNL-induced ADAM17 upregulation in T84 monolayers is mediated via TNF-␣ but not via incubation with PMNL, H 2 O 2 ,
and tight junction opening. To promote PMNL adhesion onto T84 cells, but not migration, PMNL were incubated with T84 monolayers without f-MLP. ADAM17 protein levels were not increased in T84 cells by contact with PMNL, compared with control T84 cells (Fig. 2Aa) . Similarly, T84 monolayers incubated for different periods with H 2 O 2 did not show any modulation in ADAM17 levels compared with untreated monolayers (Fig. 2Ab) . Finally, opening of tight junctions with HBSS without calcium did not influence ADAM17 protein levels in T84 cells (Fig. 2Ac) . We therefore investigated the effect of TNF-␣, a proinflammatory cytokine, on ADAM17 expression in T84 epithelial cells. As shown in Fig. 2Ba , incubation of T84 cells with recombinant TNF-␣ was sufficient to markedly increase the expression level of ADAM17 at 2 and 4 h, reminiscent of the kinetic profile observed for PMNL-induced effects. Quantification of three independent experiments confirmed this increase in ADAM17 after a 2-and 4-h incubation with TNF-␣. To show that upregulation of ADAM17 in the intestinal epithelium during PMNL transepithelial migration may be caused by TNF-␣, we performed PMNL transepithelial migration in the presence of an excess of neutralizing anti-TNF-␣ antibodies in the upper and the lower reservoirs. As shown in Fig. 2Bb , the presence of anti-TNF-␣ antibodies prevented most of the PMNL-induced upregulation of ADAM17, underscoring the key role played by TNF-␣ in ADAM17 upregulation during the PMNL transepithelial migration process. The loading control for total protein was assayed by Western blotting using an anti-ERK total antibody (Fig. 2Bc) . Finally, quantification of three independent experiments confirmed increased ADAM17 only in T84 cells incubated in TNF-␣ for 2 and 4 h (Fig. 2C) .
PMNL transepithelial migration induces a late increase in the TIMP3 protein level in epithelial T84 cells. PMNL transmigration did not modify the TIMP3 protein level at 0.5, 1, 2, and 4 h but significantly increased it at 24 h (Fig. 3A) . Using qRT-PCR, we consistently and concurrently showed that only prolonged PMNL transmigration for 24 h promoted an approximately twofold increase in TIMP3 mRNA in T84 cells (Fig.  3B ). These observations were confirmed by immunofluorescence since the TIMP3 protein was barely expressed on the apical side of control T84 monolayers (Fig. 3C ) and after 0.5, 1, 2, and 4 h of PMNL transmigration before showing a strong increase at 24 h (Fig. 3C) .
TIMP3 expression in T84 cell monolayers is modulated by TNF-␣ but not by PMNL contact, H 2 O 2 , and HBSS(Ϫ) treatment.
The TIMP3 protein level was not modified by incubation with PMNL compared with control T84 cells (Fig. 4Aa) . In addition, incubation of T84 cells with H 2 O 2 failed to affect the TIMP3 protein level (Fig. 4Ab) , as observed for the opening of tight junctions by addition of HBSS(Ϫ) (Fig. 4Ac) . As shown in Fig. 4Ba , incubation of T84 cells with TNF-␣ increased significantly the expression level of TIMP3 at 24 h. This was strengthened by the findings that TIMP3 upregulation by PMNL transmigration at 24 h was completely abrogated by an anti-TNF-␣ antibody, indicating that PMNL-induced TIMP3 upregulation was totally dependent on this proinflammatory cytokine (Fig. 4Bb) . The loading control for total protein was assayed by Western blotting using an anti-ERK total antibody (Fig. 4Bc) . Quantification of three independent experiments confirmed increased TIMP3 in T84 cells at 24 h of incubation with TNF-␣ (Fig. 4C) .
ADAM17 protein expression is strongly increased in the inflamed intestinal epithelium of patients with CD. Intestinal biopsies were processed for ADAM17 immunostaining and mRNA quantification (Fig. 5, A-C) . In patients with CD, the ADAM17 expression level was compared with the NOD2/ CARD15 status (Fig. 5, B and C) . Immunohistochemistry showed strong intracytoplasmic staining of ADAM17 in the intestinal epithelium that was markedly associated with PMNL infiltrates (Fig. 5A) , which is in contrast to control biopsies that showed very weak ADAM17 expression (Fig. 5A) . The presence of strong epithelial ADAM17 staining was accompanied by a very significant increase in the number of PMNL. The ADAM17 expression levels in the noninflamed colon and ileum were moderately increased compared with healthy controls (Fig. 5, A and B) . As shown in Fig. 5B , no differences in the ADAM17 staining level were noted in association with the NOD2/CARD15 mutation. Figure 5C shows that in patients with acute-phase CD the ADAM17 mRNA levels in the inflamed colon and in the inflamed ileum were slightly increased compared with healthy controls. In biopsies taken from CD patients with quiescent disease, the ADAM17 mRNA level was highly increased compared with healthy controls (Fig. 5C ). As shown in Fig. 5C no differences in the level of ADAM17 mRNA were noted in association with the NOD2/CARD15 mutation.
TIMP3 expression is not increased in the intestinal epithelium of CD patients during the acute phase. In contrast to ADAM17, immunostaining showed that the TIMP3 level did not correlate with the number of PMNL, both in the ileum and A: immunohistochemical staining of tissue microarrays (TMAs) from colon and ileum biopsies of control subjects, patients in an acute inflamed phase of CD, and patients in a quiescent noninflamed phase of CD. Each spot shows representative tissue of immunostaining for ADAM17, at low original magnification (ϫ100) (left), and at a high original magnification (ϫ400) (right). B: positive cell density for colon and ileum biopsies of control subjects (Ctl), patients presenting in an acute inflamed phase of CD (Acute) with (Nod) or without a NOD2/CARD15 mutation, and patients presenting in a quiescent noninflamed phase of CD (Quies) with (Nod) or without a NOD2/CARD15 mutation, for ADAM17, *P Ͻ 0.01. C: ADAM17 mRNA levels of colon and ileum biopsies in control subjects, patients presenting with an acute inflamed phase of CD with or without a NOD2/CARD15 mutation, and patients presenting with a quiescent noninflamed phase of CD with or without a NOD2/CARD15 mutation; *P Ͻ 0.01 for the group assessed by real-time RT-PCR. the colon (Fig. 6A) . The TIMP3 expression levels in the inflamed colon and ileum were not increased compared with healthy controls (Fig. 6, A and B) . Immunohistochemistry showed stronger staining for TIMP3 in the intestinal epithelium of patients in a quiescent phase of CD (Fig. 6A) , compared with control biopsies (Fig. 6A) . Intracytoplasmic staining of the intestinal epithelium was continuous in the ileum and the colon. Besides intestinal epithelial cells, scattered cells stained positive for TIMP3 in the lamina propria. As shown in Fig. 6B , no difference in the level of TIMP3 staining was noted according to the NOD2/CARD15 status. TIMP3 mRNA levels were constant throughout the ileum and the colon (data not shown). Figure 6C shows that in patients with acute-phase CD, the TIMP3 mRNA levels in the inflamed colon and in the inflamed ileum were not significantly different compared with healthy controls, with a trend toward a slight decrease. In biopsies Fig. 6 . TIMP3 expression in intestinal epithelium of CD patients. A: immunohistochemical staining of TMAs from colon and ileum biopsies of control subjects, patients in an acute inflamed phase of CD, and patients in a quiescent noninflamed phase of CD. Each spot shows representative tissue for TIMP3 immunostaining at a low original magnification (ϫ100) (left) and at a high original magnification (ϫ400) (right). B: positive cell density from colon and ileum biopsies in control subjects, patients presenting with an acute inflamed phase of CD with or without a NOD2/CARD15 mutation, and patients presenting with a quiescent noninflamed phase of CD with or without a NOD2/CARD15 mutation, for TIMP3, *P Ͻ 0.01. C: TIMP3 mRNA levels from colon and ileum biopsies in control subjects, patients presenting with an acute inflamed phase of CD with or without a NOD2/CARD15 mutation, and patients presenting with a quiescent noninflamed phase of CD with or without a NOD2/CARD15 mutation, *P Ͻ 0.01 for the group assessed by real-time RT-PCR.
taken from CD patients with quiescent disease, the TIMP3 mRNA level was increased compared with that in healthy controls (Fig. 6C) . As shown in Fig. 6C , no differences in the level of TIMP3 mRNA were noted in association with the NOD2/CARD15 mutation.
High expression of the ADAM17 protein in patients with CD is correlated with the intensity of mucosal PMNL infiltrates and with the number of IEC-associated PMNL. A high level of PMNL infiltration was observed in patients with acute CD, whereas this level was low in patients in a quiescent phase. The activity of colitis (PMNL score) was graded as mild (1), moderate (2), intense (3), or severe (4) according to MPO staining (Fig. 7A) . ADAM17 staining exhibited a significant correlation to neutrophil epithelium infiltration (Fig. 7B) . ADAM17 staining was faint in biopsies showing a low score for PMNL infiltration and was strong in biopsies with a high score for PMNL (Fig. 7B) . Conversely, TIMP3 staining did not correlate with the score for PMNL in digestive biopsies (Fig. 7C) .
ADAM17 activity is increased in IEC in response to PMNL transepithelial migration and in digestive biopsies from patients in an acute phase of CD. ADAM17 enzyme activity of T84 cells was measured at different times during PMNL transepithelial migration by use of a dinitrophenol-labeled peptide mimicking the ADAM17 cleavage site of pro-TNF-␣. As shown in Fig. 8A , we observed that PMNL transmigration induced a strong, rapid, and transient increase in the ADAM17 activity in T84 cells at 2 and 4 h that decreased at 24 h of PMNL transepithelial migration, which is in agreement with the above-observed kinetics of ADAM17 protein expression. Interestingly, we observed that the ADAM17 activity from ileum and colon biopsies was higher from inflamed tissues taken in the acute phase of CD than from tissues taken in the quiescent phase of CD or in healthy control subjects (Fig. 8B) . Additionally, the ADAM17 activity correlated with greater severity of CD evaluated histologically in fresh biopsies and assessed using the scoring system described by D'Haens et al. (9) (Fig. 8C) . The ADAM17 activity was faint in biopsies with lesser histological severity (Fig. 8C) .
DISCUSSION
In this study we show that the early phase of acute inflammation is associated with a strong increase in expression of ADAM17, but not of TIMP3 in IEC. This finding was obtained with both an in vitro cell model system and a large series of Fig. 7 . ADAM17 immunostaining correlates with the intensity of mucosal PMNL infiltration, whereas TIMP3 staining is not linked to PMNL infiltration. A: scores for PMNL according to myeloperoxidase staining: mild (1), moderate (2), intense (3), and severe (4) (anti-MPO antibody, peroxidase ϫ100). B: correlation between ADAM17 immunostaining and score for PMNL. C: absence of correlation between TIMP3 immunostaining and score for PMNL.
tissue specimens from patients with CD. Moreover, we demonstrate that this early upregulation of ADAM17 was linked to TNF-␣ production during PMNL transepithelial migration. A strict parallel between the results obtained in vitro using the T84 model (where only two cell components, i.e., the intestinal epithelial cells and the PMNL are present) and those obtained from mucosa of patients with CD (where in addition to these cell components, other components such as endothelial cells, mononuclear inflammatory cells, and fibroblasts are present) is difficult and limiting. However, despite the imperfections of the T84 in vitro model, it is a powerful approach that allows examination of the consequences of transepithelial migration of PMNL across an epithelial intestinal barrier and of the molecular biology of the neutrophil-epithelial cell interaction (19) . Moreover, we have focused the ex vivo study of patient tissues on mainly the correlation of the intensity of the PMNL infiltrate and ADAM17 staining.
We showed in vitro that ADAM17 was upregulated at the protein level in T84 cells during PMNL transepithelial migration. We demonstrated that the upregulation of ADAM17 was independent of some events occurring during the interaction of intestinal epithelial cell with PMNL, i.e., contact with PMNL, and opening of tight junctions. ADAM17 is involved in the expression of inducible nitric oxide synthase, a high-output isoform of nitric oxide synthase for which the expression level and subsequent generation of nitric oxide have been correlated with the progression and activity of IBD (5, 8) . Moreover, a large amount of free radical oxygen is released by PMNL when stimulated with formyl peptides or during their transepithelial migration. However, in this study we provide evidence that suggests that the expression of the ADAM17 protein in IEC was not modified by free radical oxygen exposure.
The neutralization of TNF-␣ with specific antibodies is accompanied by a remarkable clinical response in patients with IBD (29) . Pro-TNF-␣ is initially produced as a membranebound form that is processed by ADAM17 (4). We demonstrated previously that PMNL transepithelial migration across IEC monolayers induced TNF-␣ production (2). Moreover, Fig. 8 . ADAM17 activity in extracts of T84 cells after PMNL transepithelial migration and in digestive biopsies. A: ADAM17 activity of T84 cells is stimulated by PMNL transepithelial migration. B: ADAM17 activity expressed in digestives biopsies (colon and ileum) of control subjects, patients in an acute inflamed phase of CD, and patients in a quiescent phase of CD. ADAM17 specific activity is expressed in arbitrary units per milligram of protein based on high-pressure liquid chromatography analysis of the hydrolysis of a dinitrophenol-labeled oligopeptide substrate mimicking the ADAM17 cleavage site in pro-TNF-␣. *P Ͻ 0.01. C: correlation between the ADAM17 activity expressed in digestive biopsies and the histopathological score of activity of CD according to D'Haens et al. (9) . We have arbitrarily separated the specimens into 3 groups: group I (low activity: histological scores between 1 and 5), group II (moderate to high activity: histological scores between 6 and 10), group III (very high activity: histological scores between 11 and 16). Ctl, ADAM17 activity in control biopsies. The results are expressed relative to the level of ADAM17 activity in unstimulated cells and in control biopsies, which was given an arbitrary value of 100. Means Ϯ SE of 3-8 individual experiments are shown. *P Ͻ 0.05; **P Ͻ 0.01. TIMP3 controls TNF levels by inhibiting ADAM17 in vivo and thereby prevents spontaneous inflammation (25) . Finally, the effect of TNF-␣ on ADAM17 expression has been poorly investigated to date. This prompted us to investigate whether the local production of TNF-␣ by IEC could regulate the expression of ADAM17 and TIMP3. We provide evidence that TNF-␣ is necessary and sufficient to timely regulate the expression of both partners, with kinetics reminiscent of those observed in response to PMNL transmigration. On the basis of the above observation, we propose a model in which during acute inflammation PMNL transmigration induces the expression of TNF-␣ by IEC that would first upregulate the expression and the activity of ADAM17, further amplifying the local production of TNF-␣. Thereafter, TNF-␣ would downregulated ADAM17 and concurrently increase the expression of TIMP3, events that would both decrease the ADAM17 activity. Previous reports have shown a high ADAM17 activity in colonic biopsies obtained from patients with IBD (6). However, a discrepancy in the results has been obtained for CD samples (6) . Our ex vivo studies showed that ADAM17 was mainly overexpressed during the acute phase of CD, whereas TIMP3 was upregulated during the quiescent phase of CD. These findings shed light on the pathophysiological relevance of the ADAM17/TIMP3 balance in CD.
It has been suggested that the presence of a mutation in the NOD2/CARD15 gene may influence the phenotype of the disease (10) . In this study we show that variations in the expression of ADAM17 and TIMP3 in the colon and ileum of patients with CD was independent of the NOD2/CARD15 status. Apart from influencing the disease itself, the host's genetic background may also have potential implications for therapy. In this regard, we did not find any correlation between the NOD2/CARD15 status and clinical response in refractory patients to steroids and/or azathioprine, treated with anti-TNF-␣ therapy. These results are in agreement with previous studies showing the absence of association between the three common mutations of NOD2/CARD15 and a short-or long-term response to infliximab (24, 31) .
Finally, we demonstrate that the ADAM17 activity was strongly increased in vitro in the early phase of PMNL transepithelial migration and ex vivo in CD in an active phase, characterized both by a high score of PMNL and a high histopathological score of activity according to D'Haens et al. (9) . However, we cannot totally exclude in this study that the ADAM17 present on human PMNL stimulated by formyl peptides or by other modulators may participate in the increase in the ADAM17 activity (32) .
Although Wei et al. (33) showed that the inhibition of the extracellular region of ADAM17 by the inhibitory domain of TIMP3 results in positive cooperativity, our study demonstrates that ADAM17 and TIMP3 can be differentially regulated in intestinal epithelial cells during PMNL transepithelial migration. Further characterization of such PMNL-stimulated effects on epithelial cells will improve our understanding of the role of migrating leukocytes in epithelial function. From the perspective of new therapeutic options, our findings collectively point to the importance of broadening and deepening our understanding of the ADAM17 and TIMP3 status in CD.
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